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Overview:OvertureisacollectionofC++classesthatcan
beusedtosolvepartialdifferentialequationsonoverlapping
andhybridgrids.

Keyfeatures:

•providesahighlevelinterfaceforrapidprototypingofPDEsolvers.

•builtuponoptimizedCandfortrankernels.

•supportforoverlappinggridsandhybridgrids.

•providesalibraryoffinite-differenceoperators:conservativeand

non-conservative,2nd,4th,6thand8thorderaccurateapproximations.

•supportformovinggridsandblockstructuredadaptivemeshrefinement

•extensivegridgenerationcapabilities(overlappingandhybrid)

•CADfixuptools

•extensibledata-basesupportforsavinggrids,solutionsetc.

•graphics(interactiveandpost-processing)

•supportforparallelcomputations
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OvertureOverviewcontinued...

•PDEsolversbuiltuponOvertureinclude:

•Ogmg:multigridsolverforellipticboundaryvalueproblems

�canachieveneartext-bookconvergenceratesandefficiency.

•OverBlown:solverfortheincompressibleNavier-Stokes,

compressibleNavier-Stokes,andreactiveEulerequations.

•MX:timedomainMaxwell’sequationssolver:

�overlapping-grid,fourth-orderaccurate,parallel.

�hybrid-grid,second-orderstabilizedDSIscheme.

Itiscriticalthatsolverscanbemadeasfastandefficientaspossible.

OurgoalistobeasfastascodeswrittenforCartesianGrids.

Atthesametimeitisveryusefultohavehigh-levelinterfacesforprototyping

newapproaches.
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Solutionscoupledbyinterpolation

2DoverlappinggridsbuiltwithOgen
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3DoverlappinggridsbuiltwithOgen
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HybridgridsbuiltwithOverture
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Overturesupportsahigh-levelC++interface(butisbuilt
mainlyuponFortrankernels):

Solveut+aux+buy=ν(uxx+uyy)

CompositeGridcg;//createacompositegrid

getFromADataBaseFile(cg,"myGrid.hdf");

floatCompositeGridFunctionu(cg);//createagridfunction

u=1.;

CompositeGridOperatorsop(cg);//operators

u.setOperators(op);

floatt=0,dt=.005,a=1.,b=1.,nu=.1;

for(intstep=0;step<100;step++)

{

u+=dt*(-a*u.x()-b*u.y()+nu*(u.xx()+u.yy()));//forwardEuler

t+=dt;

u.interpolate();

u.applyBoundaryCondition(0,dirichlet,allBoundaries,0.);

u.finishBoundaryConditions();

}
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Cadfixup

Globaltriangulation

Overlappinggrid

Incompressibleflow.

CADtoMeshtoSolutionwithOverture
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SummaryoftheGridGenerationCapabilitiesinOverture

ComponentGridGeneration:

•Analyticmappings:square,annulus,box,cylinder,sphere...

•Splines,NURBS,transfiniteinterpolation

•rotation,scaling,translation,bodiesofrevolution

•Gridstretching

•ellipticgridgenerationandsmoothing

•hyperbolicgridgeneration
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CADfixup,editingandtopologygeneration

Goal:toolsforfixingandeditingCADandbuildingwater-tightrepresentations.

Keyfeatures:

♦IGESreaderwhichdetectserrorsinCAD,

♦interactiveeditingofCADrepresentation,

♦interactiveeditingoftrimcurves,

♦nearlyautomaticgenerationofawater-tighttriangulation,

♦fastalgorithmsforprojectingpointsontothesurface.

CADfromIGESfilecleanedupWater-tighttriangulation
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Hype:hyperbolicgridgenerator

Goal:rapidgenerationofboundaryconforminggridsforCADgeometries.

Keyfeatures:

♦generatessurfaceandvolumegridsonCADgeometries,

♦fastimplicitmarchingalgorithm,

♦flexiblechoiceofstartingcurvesandboundaryconditions,

♦robusttreatmentofcornersandedges,

♦smoothingandstretchingofgridlines,smoothingofgeometry.

Cutplaneisusedtogeneratestartingcurve.

Stretchingisaddedaftermarching.
Bumperindentationsmoothed.
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Ogen:overlappinggridgenerator

Goal:afast,flexibleandrobustgridgeneratorforoverlappinggrids.

Keyfeatures:

♦generalandautomaticalgorithmfordeterminingconnectivityinformation,

♦robustholecuttingalgorithm,

♦extensivediagnostics,

♦robusttreatmentofsharedboundaries,C-gridsandH-grids

♦optimizedalgorithmsformovinggridsandAMR

♦supportforhigh-orderdiscretizationandinterpolation
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Ugen:hybridgridgeneration(KyleChand)

Goal:buildhigh-qualityunstructuredgridsthatarecontainlargestructuredregions.

Keyfeatures:

♦twoandthreedimensionalhybridgrids,

♦advancingfrontalgorithm,

♦meshqualityimprovements

2dhybrid

3Dhybridgrid
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AShortHistoryof
Composite/Chimera/Overset/OverlappingGrids

•Volkov,[1966]developedaCompositeMeshmethodforLaplace’sequationon

regionswithpiece-wisesmoothboundariesseparatedbycorners.Polargridsarefitted

aroundeachcornertohandlepotentialsingularities.

•Starius,[1977](studentofH.-O.Kreiss)consideredCompositeMeshmethodsfor

ellipticandhyperbolicproblems–introducesahyperbolicgridgenerator.

•Steger,circa[1980]independentlyconceivestheideaoftheoverlappinggrid,

subsequentlynamedtheChimeraapproachafterthemythicalChimerabeasthavinga

humanface,alion’smaneandlegs,agoat’sbody,anddragon’stail.NASAgroups

developgridgeneratorPEGSUS,hyperbolicgridgenerationandflowsolverOverflow

(Steger,Benek,Suhs,Buning,Chan,Meakin,et.al.)

•B.Kreiss[1980]developsoverlappinggridgeneratorwhichsubsequentlyleadstothe

CMPGRDgridgenerator[1983](Chesshire,Henshaw)laterleadingtotheOvertureset

oftools[1994].
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OverBlown’sIncompressibleNavierStokesSolver

♦Split-step,pressure-Poissonformulation:advancethevelocityfirst,thensolvethe

pressureequation.

♦implicitandexplicittime-stepping(methodoflines).

♦secondandfourth-orderaccurateinspaceandtime.

♦accurateandstableboundaryconditions.

♦supportsmovinggrids(e.g.motionofrigidbodies).

Velocity-pressureformulation:

ut+(u·∇)u+∇p=ν∆u

∆p+∇u:∇u−α(x)∇·u=0







x∈Ω

B(u,p)=0

(“pressureBC”−→)∇·u=0







x∈∂Ω

Onno-slipwallsweusethenumericalpressureboundarycondition:

∂p

∂n
=n·(−ν∇×∇×u)

ReferenceHenshaw(JCP,1994);Henshaw,Kreiss,andReyna(Comput.Fluids,1994);

Karniadakis,IsraeliandOrszag(JCP,1991);Petersson(JCP,2001);
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IncompressibleNavier-Stokes:testingwiththemethodof
analyticsolutions

ComputedsolutionuErrorinu

gridNpuv∇·u

cicb.order4611.1e−43.5e−53.4e−51.9e−4

cic.order41218.9e−61.5e−62.0e−61.7e−5

cic2.order42416.0e−71.0e−71.2e−71.0e−6

rateσ3.84.34.13.8

Maximumerrorsinthecomputedsolutionandconvergencerate,e∝h
σ
,ν=0.1,

t=1.

20



IncompressibleflowcomputationswithOverBlown.

21



Grid

Flowpasttwocylinders,vorticity.ReD=2000.

♦multigridsolutionofthepressureandimplicittime-steppingequations,

♦1.3milliongridpoints,

♦requires460MBofmemory,

♦cpu=10s/step,

♦2.2GHzXeon,2GBofmemory
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OverBlown’sReactiveEulerEquationsSolver

•High-orderGodunovmethod(DonSchwendeman,RPI)

•movinggridsandAMR(in2D)

•Reactionmechanisms:one-step,chainbranching,ignition-and-growth;

•Equationsofstate;idealGas,JWL,Mie-Gruneisen.

•Inprogress,amulti-fluidformulation(JeffBanks,RPI).

•Inprogress,amultiphase(Baer-Nunziatolike)forumulation.
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Reference:HenshawandSchwendemanAnAdaptiveNumericalSchemefor

High-SpeedReactiveFlowonOverlappingGrids,JCPvol.191,2003.
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DetonationinaQuarterPlane
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DetonationinaQuarterPlane

SingleBaseGridOverlappingGrid
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Solutionalongx=0,t=1.4,1.5,...,2.0

One-dimensionalresultsinblack

Solutionalongraysthroughtheorigin

26



ρ,t=2.λ,t=2.

ρ,t=4.λ,t=4.

DiffractionofaCJdetonationbyacorner

LX-17,ignition-and-growthmodel,JWLequationofstate.

detonationlocallyfails adaptivemeshrefinement
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AMultigridAlgorithmforOverlappingGrids

Anewmultigridalgorithmforoverlappinggridshasbeendeveloped,

implementedintheOgmgsolver.Itcanbeusedtosolvescalarellipticboundary

valueproblems.Someofit’skeyfeaturesare

♦coarsegridgeneration-robustgenerationof“any”numberofmultigridlevels.

♦adaptivesmoothers

♦variablesub-smoothspercomponentgrid

♦interpolation-boundarysmoothing

♦over-relaxedRed-Blacksmoothers

♦Galerkincoarsegridoperators

♦numericalboundaryconditionsforDirichletandNeumann/mixedproblems

♦speedandmemoryoptimizationsforCartesiangridsandpre-definedequations

ReferenceHenshaw[SIAMJ.Sci.Comput,2005](toappear).
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BlockStructuredAdaptiveMeshRefinementandOverlappingGrids

♦Refinementpatchesaregeneratedintheparameterspaceofeach

componentgrid(basegrid).

♦Refinementpatchesareorganizedinahierarchyofrefinementlevels.

♦Errorestimatorsdeterminewhererefinementisneeded.

♦AMRgridgeneration(Berger-Rigoutsosalgorithm)buildsrefinementpatchesbased

ontheerrorestimate.

♦refinementgridsmayinterpolatefromrefinementgridsofdifferentbasegrids.

♦Thekeyissueisefficiency.

refinementlevel1

refinementlevel2

basegrids
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OverlappingGridsandAMR

Componentgrid1,

basegrid1

Refinementgrids

interpolatefrom

refinementsofadifferent

basegrid

Componentgrid2,

basegrid2
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t=.75t=1.25t=1.5

Adaptiveoverlappinggrids
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OverlappinggridAMRperformanceontwodetonationproblems.

Fortrankernel

AMRoverhead

QuarterplaneExpandingchannel

timesteps1241821030

secondsperstep14.9413.96

grids(min,ave,max)(2,57,353)(5,274,588)

points(min,ave,max)(2.0e5,9.2e5,1.9e6)(1.2e5,6.4e5,1.3e6)

33



MovingOverlappingGrids

♦Boundaryfittedcomponentgridsareusedtodiscretizeeachmovingbody.

♦Gridsmoveateachtimestepaccordingtosomegoverningequations.

♦OverlappingconnectivityinformationisupdatedbyOgen(interpolationpoints,

discretizationpoints,unusedpoints).

♦Solutionvaluesatexposedpointsareinterpolatedatprevioustimelevels.

♦Issue:Detectionandtreatmentofcollisions–elastic/in-elasticcollisions

♦Issue:Bodiesthatgetveryclose–howshouldthegridsinterpolate

Movingvalves(INS)Fallingcylinders(INS)Rotatingbody(INS)
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TheBasicAMRMoving-GridTimeSteppingAlgorithm

PDEsolve(G,tfinal)

{

t:=0;n:=0;

u
n

i:=applyInitialCondition(G);

whilet<tfinal

if(nmodnregrid==0)

ei:=estimateError(G,u
n

i);

G
∗

:=regrid(G,ei);

u
∗

i:=interpolateToNewGrid(u
n

i,G,G
∗
);

G:=G
∗
;u

n

i:=u
∗

i;

end

G
n+1

:=moveGrids(G,u
n

i);

u
n+1
i:=advanceTimeStep(G,G

n+1
,u

n

i,∆t);

t:=t+∆t;G:=G
n+1

;n:=n+1;

interpolate(G,u
n

i);

applyBoundaryConditions(G,u
n

i,t);

end

}
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MovinggeometryandAMR

adaptivemeshrefinement

movinggrids

Ashockhittingacollectionofcylinders(density).
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Fallingcylindersinanincompressibleflow

movinggrids
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ModelingDeformingGeometrywithOverlappingGrids

surfacedeformsovertime.

Streamlinesofacompressibleflowaroundadeformingboundary.
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ThemodelfordistributedparallelcomputinginOverture

♦Gridscanbedistributedacrossoneormoreprocessors.

♦DistributedparallelarraysusingP++(K.Brislawn,B.Miller,D.Quinlan)

♦P++usesMultiblockPARTI(A.Sussman,G.Agrawal,J.Saltz)forblock

structuredcommunicationwithMPI(ghostboundaryupdates,copies

betweendifferentdistributedarrays)

♦Aspecialparalleloverlappinggridinterpolationroutineisusedforoverlapping

gridinterpolation.
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P++:parallelmulti-dimensionalarrays

PartitioningTypepartition;//objectthatdefinestheparalleldistribution

partition.SpecifyInternalGhostBoundaryWidths(1,1);

realDistributedArrayu(100,100,partition);//buildadistributedarray

RangeI(1,98),J(1,98);

//Parallelarrayoperationwithautomaticcommunication:

u(I,J)=.25*(u(I+1,J)+u(I-1,J)+u(I,J+1)+u(I,J-1))+sin(u(I,J))/3.;

//AccesslocalserialarraysandcallaFortranroutine:

realSerialArray&uLocal=u.getLocalArray();//accessthelocalarray

myFortranRoutine(*uLocal.getDataPointer(),...);

u.updateGhostBoundaries();//updateghostboundariesondistributedarrays
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PerformanceoftheMaxwellsolver(serial).

Two-dimensions,3.8milliongrid-points.

CartesiangridFortrankernel
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ParallelscalingoftheMaxwellsolver–preliminaryresults
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Eulerequations:preliminaryparallelresults

051015202530
0

5

10

15

20

25

30

35
OverBlown Parallel Speedup, cic7e, MCR Linux cluster

S
peedup

Number of Processors

Linear speedup
Computed

Figure1:Left:thecomputationofashockhittingacylinder(density).Right:

parallelspeedupforthisproblem,keepingtheproblemsizefixed(4Milliongrid

points),onalinuxcluster(Xeonprocessors).
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IncompressibleNavier-Stokes:preliminaryparallelresults

051015202530
0

5

10

15

20

25

30
OverBlown Parallel Speedup, cic7e, INS, MCR Linux cluster

S
peedup

Number of Processors

Fixed Size Problem
Linear speedup
Computed

Figure2:Left:impulsivelystartedcylinderinanincompressibleflow(vorticity).Right:

parallelspeedupkeepingtheproblemsizefixed(4Milliongridpoints),onalinuxcluster

(Xeonprocessors).Thepressureequationissolvedwithalgebraicmultigrid(Hypre).
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Showmovieshere...

•flowinatwo-strokeengine

•shockhittingmultiplemovingcylinders

•cylindersfallinginachannel
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